INTRODUCTION
Nucleobindin protein, which was first identified in human and mouse cell lines, has two isotypes: nucleobindin 1 (NUCB1) and nucleobindin 2 (NUCB2) (Barnikol-Watanabe et al., 1994; Miura et al., 1992) . However, NUCB2 only functions physiologically in humans and rodents (Miura et al., 1992) . Nesfatin-1, nesfatin-2, and nesfatin-3 are generated through post-translational processing of NUCB2 via the enzyme pro-hormone convertase-1/3 (Gonzalez et al., 2010; Oh-I et al., 2006) . A physiological activity has only been demonstrated for nesfatin-1 (Gonzalez et al., 2010) .
Nesfatin-1 is expressed in various hypothalamic nuclei for appetite control such as the arcuate nucleus (ARC), paraventricular nucleus (PVN), supraoptic nucleus (SO), lateral hypothalamic area (LHA), and zona incerta in rats (Brailoiu et al., 2007; Fort et al., 2008; García-Galiano et al., 2010; Goebel et al., 2009; Kohno et al., 2008) . Nesfatin-1 also exists in cerebrospinal fluid and the brain stem, including the locus coeruleus, rostral raphe pallidus, Edinger-Westphal nucleus, and ventrolateral medulla (Goebel et al., 2009; Stengel et al., 2010) . Intracerebroventricular infusion of nesfatin-1 decreases food intake and inhibits feeding behavior (Atsuchi et al., 2010; , whereas infusion of a nesfatin-1-neutralizing antibody stimulates appetite (Oh-I et al., 2006) .
Recent studies identified nesfatin-1 immunoreactivity in rat gastric organs (Gonzalez et al., 2009; Stengel et al., 2010) . Nesfatin-1 is highly expressed in gastric endocrine cells and duodenal Brunner's glands of rodents (Stengel et al., 2009 ). X/A-like cells secrete ghrelin, which stimulates appetite, in the gastric mucosal layer, and these cells also express nesfatin-1 (Stengel et al., 2010) . These results raise the possibility that nesfatin-1/NUCB2 gene expression is regulated by nutritional status, suggesting a regulatory role of peripheral nesfatin-1 in energy homeostasis. Nesfatin-1 immunoreactive cells co-localize with insulin-containing pancreatic β-cells in mice and rats (Gonzalez et al., 2009) , suggesting a role for nesfatin-1 in pancreatic islet and glucose homeostasis (Foo et al., 2010) .
Furthermore, nesfatin-1 is detected in the fat of humans and rodents and is expressed more in subcutaneous fat than in visceral fat (Ramanjaneya et al., 2010) . In experiments with fat cell lines, nesfatin-1 expression increases exponenttially during the differentiation of fat progenitor cells into mature fat cells (Ramanjaneya et al., 2010) . The fact that the nesfatin-1 concentration is high in the blood of people with a high body mass index demonstrates that nesfatin-1 secreted from fat cells may regulate food intake independently of leptin (Ramanjaneya et al., 2010; ).
Several recent reports demonstrated that nesfatin-1 protein is expressed in the reproductive system. Nesfatin-1 localizes in interstitial cells, including Leydig cells, in rat and mouse testis (García-Galiano et al., 2010) . In addition, nesfatin-1 binding sites were detected on theca cells and interstitial cells near the tunica albuginea of mouse ovary, and on boundary cells in the tunica albuginea of mouse testis (Kim et al., 2010; Kim et al., 2011) . Many studies have reported the expression of nesfatin-1/NUCB2 mRNA and protein in various tissues. Therefore, the purpose of this study was to assess the expression levels and distributions of nesfatin-1/NUCB2 in various mouse tissues. reverse 5'-ATCGTGGGC CGCTCTAGGCACC-3' primers (BIONICS, Korea). The optimum temperature cycling protocol was used as 95°C for 15s, 60°C for 30s and 72°C for 30min, using the GenePro thermal cycler (Bioer, China).
MATERIALS AND METHODS
The reaction products were run on a 2% agarose gel and visualized with ethidium bromide to check the length of the amplified cDNA.
Western blot analysis
The tissues were homogenized in ice-cold lysis buffer 50 mM Tris-base (pH 7.4), 150 mM NaCl, 10 mM EDTA, 
Immunohistochemical staining
The hypothalamus, uterus, ovary and testis were removed and fixed in 4% paraformaldehyde for 2 h. The tissues were rinsed in ethanol series to remove fixative residues, embedded in paraffin block. The tissues blocks were cut 10 mm sections using a microtome, deparaffinized, and 
RESULTS

NUCB2 mRNA expression in various tissues
We investigated NUCB2 mRNA expression by conventional PCR to determine whether the NUCB2 gene is expressed in the cerebrum, hypothalamus, pituitary, stomach, heart, liver, intestine, spleen, lung, thymus, ovary, uterus, testis, epididymis, fat, and muscle of mice. In female mice, NUCB2 mRNA was detected in the cerebrum, hypothalamus, pituitary, stomach, heart, liver, intestine, spleen, lung, thymus, fat, muscle, ovary, and uterus (Fig. 1A) . Similarly, NUCB2
mRNA was expressed in all tested tissues of male mice, including the testis and epididymis ( Fig. 2A) .
Nesfatin-1 protein expression in various tissues
Western blotting detected nesfatin-1 protein expression in the hypothalamus, pituitary, stomach, heart, lung, ovary, uterus, testis, epididymis, and fat. In both female and male mice, nesfatin-1 protein was predominantly detected in the pituitary and at lower levels in the hypothalamus, spleen, thymus, heart, liver, and muscle. Expression was much higher in reproductive organs, such as the testis, epididymis, ovary, and uterus, than in the hypothalamus (Fig. 1B, 2B) . 
Relative expression levels of NUCB2 mRNA in various tissues
The relative expression levels of NUCB2 mRNA in the cerebrum, hypothalamus, pituitary, stomach, heart, liver, lung, intestine, spleen, ovary, uterus, testis, epididymis, muscle, and fat were analyzed by real-time PCR. The levels of NUCB2 mRNA expression in various tissues of female and male mice were similar. A large amount of NUCB2 mRNA was detected in the pituitary, in comparison with other organs. NUCB2 mRNA was also highly expressed in the stomach, lung, and reproductive organs (Fig. 1C, 2C ).
Sites of nesfatin-1 expression in various tissues
The sites of nesfatin-1 protein expression were investigated by immunohistochemical staining in sections of the hypothalamus, uterus, ovary, and testis. Nesfatin-1 protein was localized in the PVN of the hypothalamus as a positive control (Fig. 3A, B) . In the uterus, nesfatin-1 protein expression was detected in epithelial cells around the uterine glands and endometrium (Fig. 3D, E) . In the ovary, nesfatin-1 protein expression was located in theca cells around follicles, interstitial cells, and some luteal cells. Nesfatin-1 was also expressed in oocytes in some follicles, depending on follicle maturity (Fig. 3G, H) . In the testis, nesfatin-1 protein expression was detected in Leydig cells and interstitial cells between seminiferous tubules (Fig. 3J, K) .
DISCUSSION
Nesfatin-1 protein produced by neurons in the hypothalamus and secreted into cerebrospinal fluid controls appetite and energy metabolism (Oh-I et al., 2006) . It was recently reported that nesfatin-1/NUCB2 mRNA is expressed in gastric organs such as the stomach and pancreas (Stengel et al., 2010; Zhang et al., 2010) and in adipose tissues of humans and rodents (García-Galiano et al., 2010) . We showed that nesfatin-1/NUCB2 protein and mRNA are expressed in mouse reproductive organs. In addition, nesfatin-1 binding sites have been detected in mouse ovary and testis (Kim et al., 2010; Kim et al., 2011) . Given these previous results,
we hypothesized that nesfatin-1/NUCB2 are expressed in various organs in the body. In the current study, we demonstrated that nesfatin-1/NUCB2 protein and mRNA are expressed in various tissues of female and male mice.
Furthermore, we analyzed the relative expression levels of nesfatin-1/NUCB2 in various organs of the body and compared the expression levels between female and male mice.
To examine mRNA expression of NUCB2 in various organs of female and male mice, we performed conventional PCR using total RNA extracted from the cerebrum, hypothalamus, pituitary, stomach, heart, spleen, lung, ovary, uterus, testis, epididymis, and muscle. This showed that showed that nesfatin-1/NUCB2 protein and mRNA are expressed in the anterior pituitary (Goebel et al., 2009; Foo et al., 2008) . These results raise the possibility that nesfatin-1 produced in the brain controls metabolic homeostasis not only via the hypothalamus, but also via the pituitary gland.
In other words, nesfatin-1 protein produced by the pituitary may be transported to various organs in the body through the bloodstream and function as a hormone, similar to many other hormones produced by the pituitary. However, more studies are required to elucidate the role of nesfatin-1 in the pituitary gland.
Our data showing that nesfatin-1 protein and NUCB2 mRNA were expressed in mouse stomach are consistent with previous reports (Zhang et al., 2010) . X/A-like cells in the gastric mucosal layer secrete ghrelin, a protein that stimulates appetite, and these cells also express nesfatin-1 (Stengel et al., 2010) . Our data also showed that nesfatin-1 protein and NUCB2 mRNA were highly expressed in the fat of male and female mice. Nesfatin-1 protein was recently confirmed to be expressed in the fat of human and rodents, with expression higher in subcutaneous fat than in visceral fat (Ramanjaneya et al., 2010) . The present study demonstrated that nesfatin-1/NUCB2 is expressed in reproductive organs. Several reports have demonstrated the localization of nesfatin-1 protein in interstitial cells, including Leydig cells, in rat and mouse testis (Gonzalez et al., 2010; Kim et al., 2010) , and confirmed that nesfatin-1 protein is expressed in mouse ovary and uterus (Kim et al., 2010; Kim et al., 2011) . These results suggest that nesfatin-1 plays an important role in reproductive organs involved in steroidogenesis.
Therefore, we next investigated which cells express nesfatin-1 protein by performing immunohistochemical staining. In the ovary, nesfatin-1 protein was localized in theca cells around follicles, interstitial cells, and some luteal cells.
Nesfatin-1 protein was expressed in some oocytes in mature follicles. The roles of nesfatin-1 in oocytes are unknown, although this localization of nesfatin-1 is assumed to be associated with the level of oocyte maturity or apoptosis.
In the testis, nesfatin-1 was localized in interstitial cells and Leydig cells in seminiferous tubules. The function of nesfatin-1 in testicular cells is unclear; however, our immunehistochemical staining results raise the possibility that nesfatin-1 is involved in steroidogenesis to produce testosterone in Leydig cells (Ewing et al., 1983) . In our previous study, we detected nesfatin-1 binding sites in the testis. Nesfatin-1 protein binds to interstitial cells, including Leydig cells, and boundary cells in the tunica albuginea (Kim et al., 2010) . The finding that Leydig cells express nesfatin-1 protein and harbor its binding sites indicates that nesfatin-1 plays an important role in testicular function as a local regulator, similar to autocrine signaling in the testis.
In this study, we reported for the first time that nesfatin-1/NUCB2 is expressed in various tissues of male and female mice, and are highly expressed in the pituitary and reproductive organs such as the testis, ovary, uterus, and epididymis. These results suggest that nesfatin-1 plays an important role as a local regulator in various organs.
Further studies are required to elucidate the mechanism of action of nesfatin-1 in each organ.
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